Abstract. Intrahepatic cholangiocarcinoma (ICC) is an aggressive type of cancer, and its incidence and mortality rates are increasing worldwide. Mortalin is a highly conserved chaperone protein involved in multiple pathological and physiological processes, including anti-apoptosis, carcinogenesis and metastasis. The Bcl-2 family of proteins can be divided into pro-survival and pro-apoptotic members, including B-cell lymphoma 2 (Bcl-2) and Bcl-2-like protein 4 (Bax). The aim of the present study was to investigate the association between mortalin, Bcl-2 and Bax, as well as the prognostic significance of the combined expression of mortalin, Bcl-2 and Bax in ICC. Immunohistochemistry was used to determine the expression of mortalin, Bcl-2 and Bax in 116 ICC samples and to assess the association between expression of 3 markers and clinicopathological features of ICC patients. This revealed that ICC tumor tissues overexpressed mortalin and Bcl-2 and exhibited low expression of Bax in ICC tumor tissues compared with that in corresponding peritumoral samples. According to Pearson's correlation coefficient analysis, high expression of mortalin in ICC was positively correlated with Bcl-2 expression and negatively correlated with Bax expression. Furthermore, multiple linear regression analysis demonstrated that mortalin was positively associated with Bcl-2, but not with Bax, in patients with ICC. Patients with ICC exhibiting high expression of mortalin/Bcl-2 or low expression of Bax were closely associated with a malignant ICC phenotype, a relatively low overall survival rate and a high recurrence rate. Multivariate analysis indicated that mortalin and Bcl-2 were independent prognostic indicators for ICC patients. Meanwhile, the concomitant overexpression of mortalin and Bcl-2 and the low expression of Bax were independent markers for predicting a relatively poor prognosis of ICC. The overexpression of mortalin and Bcl-2 and/or the low expression of Bax are implicated in the anti-apoptotic effect and tumor progression of ICC. Mortalin or Bcl-2, or a combination of mortalin, Bcl-2 and Bax may be used to predict the prognosis of ICC, as well as potential therapeutic targets.
Introduction
Intrahepatic cholangiocarcinoma (ICC) arises from the bile epithelial cells of the intrahepatic second-degree bile tracts (1) . ICC is the second most common primary liver cancer following hepatocellular carcinoma (HCC) and accounts for 10-15% of all primary liver cancer cases (2) . In recent decades, the incidence rate for ICC has increased worldwide (3, 4) . Despite the existence of diverse treatment strategies, including curative surgical resection, pre-operative portal vein embolization, trans-arterial chemoembolization and liver transplantation, the prognosis for patients with ICC remains unsatisfactory (5, 6) . Frequent recurrence and aggressive metastasis limit the success of postoperative therapies and the overall prognosis (7) . Therefore, a better comprehension of the potential molecular mechanisms behind ICC is urgently required in order to investigate potential prognostic factors and to improve the overall survival (OS) rate.
The B-cell lymphoma 2 gene (Bcl-2) (8) is part of a family of proteins whose main function is their involvement in the initiation phase of the intrinsic pathways of apoptosis (9) . Bcl-2 has been demonstrated to be associated with apoptosis (10) , which can be induced via various stimuli, including lipid peroxidation, glucose deprivation and growth factor deprivation (8) . High expression of Bcl-2 has been indicated to protect against apoptosis (11) . A number of clinical studies suggested that the overexpression of Bcl-2 was associated with a relatively poor prognosis in a number of malignant tumors types, including breast cancer and pancreatic carcinoma (12, 13) . Bcl-2-like protein 4 (Bax), a pro-apoptotic protein of the Bcl-2 family of proteins, has been demonstrated to be directly regulated by the tumor suppressor cellular antigen p53 (p53) (14) . Multiple studies have demonstrated that Bax could strongly facilitate mitochondrial membrane permeabilization and the activation of nucleases and caspases. This can result in irreversible damage to the mitochondria and accelerated programmed cell death (15, 16) . Mortalin (also known as glucose-regulated protein 75) is a member of the heat shock protein 70 family, which was originally identified in the cytoplasm of mouse embryonic fibroblasts (17) . Research suggests that the expression of mortalin is associated with a number of biological processes, including intracellular trafficking, cell proliferation and apoptosis, protein localization, antigen processing, muscle activity and regulation of p53 (18, 19) . Previous studies have demonstrated that mortalin interacts directly with Bcl-2 and can indirectly regulate Bax via p53 (20, 21) . Recent studies have demonstrated that mortalin is overexpressed in numerous types of cancerous tumors, and is involved in a multitude of pathological processes that promote tumor carcinogenesis and progression (22) (23) (24) .
The aim of the present study was to investigate the expression of mortalin, Bcl-2 and Bax in ICC, and the association between these 3 markers and the clinicopathological features of patients with ICC. The associations between the expression of these markers was analyzed, and finally, the prognostic significance of mortalin, Bcl-2 and Bax in patients with ICC was statistically evaluated. (25) . Liver function was evaluated according to the Child-Pugh scoring system (26) . ICC diagnosis was based on the criteria outlined by the World Health Organization (27) . Tumor differentiation was based on the classification proposed by Edmondson and Steiner (27) . The clinical classification of tumors was performed according to the 7th edition of the tumor-node-metastasis (TNM) classification system of the International Union Against Cancer (28) . The detailed clinicopathological features recorded are provided in Table I . The following patient exclusion criteria were applied: Failure of important organs, including the heart, lungs, kidneys and brain, intolerance to surgery, distant organ metastasis, lymph node involvement beyond the hepatoduodenal ligament, hilar or caval lymph nodes, preoperative chemotherapy or radiotherapy and preoperative liver treatment (arterial chemoembolization, radiofrequency ablation or percutaneous ethanol injection). Ethical approval was obtained from the Zhongshan Hospital Research Ethics Committee and each patient provided written informed consent. All incorporated ICC patients had undergone regular follow-ups and full clinicopathological data was available for prognostic analysis. During follow-up, abdominal Doppler ultrasonography, a physical examination and serological tests were performed every 1-2 months postoperatively during the first 2 years, then every 3-4 months from years 2-5 and every 6 months thereafter. For patients with suspected recurrence of ICC, computed tomography or magnetic resonance was used for confirmation. Patients with recurrence were treated by arterial chemoembolization, radiofrequency ablation and percutaneous ethanol injection or a second liver resection depending on the tumor number, location and size, the number of affected lymph nodes and the extent of distant metastasis. OS time was defined as the time between the date of original surgery until the end of follow-up (December 31, 2016) or the event of mortality from any cause. The recurrence time was defined as the duration between the date of original surgery to the time of recurrence. The median follow-up time was 31.5 months (range, 4-120 months).
Materials and methods

Patients
Tissue microarray and immunohistochemistry (IHC).
Tissue microarrays were constructed and IHC was performed as described in our previous studies (25, 29) . Rabbit anti-human mortalin monoclonal antibody (cat. no. 3593, dilution 1:100; Cell Signaling Technology, Inc., Danvers, MA, USA), mouse anti-human Bcl-2 monoclonal antibody (cat. no. ab182858, dilution 1:400) and mouse anti-human Bax monoclonal antibody (cat. no. ab77566; dilution 1:400) (both from Abcam, Cambridge, UK) were used to detect the expression of mortalin, Bcl-2 and Bax in ICC tissues, respectively. Two independent pathologists, who were blinded to patient clinicopathological characteristics, analyzed the IHC staining using an optical microscope. The scoring criteria for the determination of mortalin, Bcl-2 and Bax staining intensities were defined as follows: 3, strong (deep-brown staining); 2, moderate (medium-brown staining); 1, weak (light-brown staining); and 0, negative (absence of brown staining). The mean area of positive staining was scored as follows: 0, 0-30%; 1, 31-60%; and 2%, >60%. Total staining score (intensity + mean area) ≥2.0 was considered to indicate high expression, and total scores <2.0 were considered to indicate low expression.
Statistical analysis. Statistical analysis was performed using SPSS, version 21.0 (IBM Corp., Armonk, NY, USA). Data are presented as the mean ± standard deviation. Continuous data were analyzed using Student's t-tests. The correlations between mortalin, Bcl-2 and Bax protein levels were assessed using Pearson's correlation coefficient and multiple linear regression analysis. The Kaplan-Meier method and the log-rank test were used to calculate the OS and cumulative recurrence rates. Cox's proportional hazards regression model was used to investigate potential independent prognostic factors. All tests were two-tailed. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of mortalin, Bcl-2 and Bax in ICC patients.
Hematoxylin and eosin staining was used to identify primary ICC, and the expression of mortalin, Bcl-2 and Bax protein was detected using IHC of tissues from 116 patients with ICC. Mortalin (Fig. 1A ) and Bcl-2 ( Fig. 1B ) expression was exhibited in the cell cytoplasm of ICC tumor cells. However, Bax expression was exhibited in the cell cytoplasm of peritumoral bile epithelial cells (Fig. 1C) .
A total of 60 ICC tumor tissues expressed high levels of mortalin (51.7%). The expression of mortalin was higher in ICC tissues than in adjacent peritumoral liver tissues (3.61±0.88 vs. 1.12±0.84, P<0.001; Fig. 1A and D). Consistent with a previous study (29) , high expression of mortalin was significantly associated with liver cirrhosis (P= 0.018), lymphatic metastasis (P= 0.009), tumor differentiation (P=0.017), tumor number (P=0.034) and TNM stage (P=0.047) (Table I) . However, none of the other clinical characteristics, including age, sex, serum γ-glutamyl transpeptidase (GGT), carcinoembryonic antigen (CEA), carbohydrate antigen 19-9 (CA19-9), tumor encapsulation or tumor diameter were associated with mortalin expression. All values are presented as mean ± standard deviation. Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-like protein 4; CA, carbohydrate antigen; GGT, γ-glutamyl transpeptidase; NS, not significant; CEA, carcinoembryonic antigen; TNM, tumor-node-metastasis.
High Bcl-2 expression was exhibited in 61 ICC tumor tissues (52.6%). Higher levels of Bcl-2 expression were detected in tumor tissues compared with the levels detected in peritumoral tissues (3.48±0.75 vs. 1.02±0.84, P<0.001; Fig. 1B and E) . Patients with high Bcl-2 expression were older (P= 0.029), had multiple tumors (P= 0.005), low tumor differentiation (P= 0.017) and a high TNM stage (P= 0.047) compared with patients exhibiting low Bcl-2 expression expression (Table I) .
A total of 18 ICC tissues expressed high levels of Bax (15.5%). Expression of Bax was evidently lower in ICC tissues compared with the peritumoral tissues (1.06±0.67 vs. 2.54±0.78, P<0.001; Fig. 1C and F) . Serum CA19-9 was significantly associated with low Bax expression (P= 0.039), tumor diameter (P= 0.013) and TNM stage (P= 0.021) ( Table I) .
Clinical association between the expression of mortalin and Bcl-2 or Bax in ICC patients.
A correlation analysis of mortalin, Bcl-2 and Bax expression was performed on the basis of the IHC results. The expression levels of mortalin and Bcl-2 protein levels were markedly increased in ICC tissues, whereas the expression level of Bax protein was significantly downregulated in tumor tissues. The high expression of mortalin was positively correlated with the expression of Bcl-2 ( Fig. 2A) , as indicated in a scatter plot of mortalin and Bcl-2 expression in Fig. 2B (r= 0.398, P<0 .001). However, high mortalin expression was negatively correlated with the expression of Bax (r=-0.238, P=0.010; Fig. 2C ), and high Bcl-2 expression was also negatively correlated with the expression of Bax (r=-0.207, P=0.026; Fig. 2D ). Furthermore, multiple linear regression analysis also revealed that the expression of mortalin was positively associated with that of Bcl-2 (r= 0.425, P<0.001) in ICC patients (data not shown). However, no significant association was detected for Bax (P= 0.091) (data not shown).
Combined expression of mortalin, Bcl-2 and Bax is associated with poor prognosis in patients with ICC.
Over the follow-up period, 83 patients suffered from ICC recurrence and 84 fatalities occurred. The 2-and 5-year OS rates for patients with ICC were 69.8 and 28.3%, respectively, and the 2-and 5-year cumulative recurrence rates were 38.7 and 72.4%, respectively. Univariate analysis demonstrated that lymphatic metastasis, tumor differentiation, tumor number and TNM stage were predictors of OS and cumulative recurrence (Table II) . Other clinicopathological characteristics, such as age, sex, serum GGT, serum CEA, serum CA9-9, liver cirrhosis, tumor encapsulation and max diameter had no prognostic significance in terms of the OS or cumulative recurrence rates (Table II) .
The expression of mortalin, Bcl-2 and Bax was also associated with OS and cumulative recurrence rates. As illustrated in Fig. 3A -C, the expression of the three proteins in the ICC tumor tissues demonstrated considerable heterogeneity. The 2-and 5-year OS rates in the high mortalin expression group were significantly lower than those in the low mortalin expression group (51.0 vs. 85.7% and 18.3 vs. 41.1%, respectively; Fig. 3D ). The corresponding cumulative recurrence rates in the high mortalin expression group were significantly higher than those in the low mortalin expression group (53.3 vs. 21.4% and 85.0 vs. 62.5%, respectively; Fig. 3E ). The 2-and 5-year OS rates in the high Bcl-2 expression group were significantly lower compared with those in the low Bcl-2 expression group (55.7 vs. 80.0% and 18.1 vs. 43.6%, respectively; Fig. 3F ). The Table II . Univariate and multivariate Cox regression analysis of factors associated with overall survival rate and cumulative recurrence rate. Patients were divided into 3 groups according to expression of mortalin, Bcl-2, and Bax. Group I (n=41) had low expression of Bax and high expression of mortalin and Bcl-2; group II (n=14) had high expression of Bax and low expression of mortalin and Bcl-2; and group III (n=61) includes all possible remaining combinations of the 3 markers. GGT, γ-glutamyl transpeptidase; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; TNM, tumor-node-metastasis; Bcl-2, B-cell lymphoma 2; Bax, Bcl-2-like protein 4; CI, confidence interval; HR, hazard ratio; NA, not adopted; NS, not significant.
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2-and 5-year cumulative recurrence rates in the high Bcl-2 expression group were significantly higher than those in the low Bcl-2 expression group (52.5 vs. 23.6% and 81.9 vs. 61.8%, respectively; Fig. 3G ). The postoperative 2-and 5-year OS rates for ICC patients were lower in the low Bax expression group than those in the high Bax expression group (66.3 vs. 88.3% and 17.3 vs. 44.4%, respectively; Fig. 3H) , and the postoperative 2-and 5-year cumulative recurrence rates in the high Bax expression group were significantly higher than those in the low Bax expression group (22.2 vs. 41.8% and 55.6 vs. 84.7%, respectively; Fig. 3I ).
To investigate the combined effect of the expression of mortalin, Bcl-2 and Bax on the prognosis of patients with ICC, patient samples were divided into 3 subgroups: Group I (n=41) exhibited low expression of Bax and high expression of mortalin and Bcl-2; group II (n=14) exhibited high expression of Bax and low expression of mortalin and Bcl-2; and group III (n=61) consisted of all remaining possible combinations of expression of the 3 proteins, including high expression of all 3 markers; low expression of all 3 markers; low expression of Bcl-2, and high expression of mortalin and Bax; high expression of mortalin, and low expression of Bcl-2 and Bax; high expression of Bcl-2, and low expression of mortalin and Bax; low expression of mortalin, and high expression of Bcl-2 and Bax. Kaplan-Meier analysis demonstrated that the 2-and 5-year OS rates in group I were significantly lower than those in groups II and III (P<0.05; Fig. 4A ). The 2-and 5-year cumulative recurrence rates in group I were significantly higher than those for groups II and III (P<0.05; Fig. 4B ). The multivariate Cox proportional hazards model analysis demonstrated that mortalin, Bcl-2, tumor differentiation and TNM stage were independent prognostic indicators for OS rate and cumulative recurrence of ICC (Table II) . Furthermore, the combination of overexpression of mortalin and Bcl-2 and low expression of Bax was also an independent prognostic indicator for OS rate and cumulative recurrence (Table II) .
Discussion
Mortalin was first reported by Wadhwa et al (17) ; it is encoded by the gene of heat shock protein family A (Hsp70) member 9 and is involved in multiple mitochondrial processes, including maintenance of mitochondrial protein integrity, biogenesis, energy metabolism and translocation of cytosolic protein (20) . Overexpression of mortalin has been detected in numerous types of malignant tumor (22) (23) (24) . In the present study, it was confirmed that the expression of mortalin was significantly increased in ICC tissues compared with corresponding peritumoral tissues. Recent studies have demonstrated that high levels of mortalin expression are associated with a relatively poor prognosis in pancreatic cancer (23) , non-small cell lung cancer (24) and hepatocellular carcinoma (30) . The present study demonstrated that the expression of mortalin was an independent predictor of OS rate and cumulative recurrence in patients with ICC, which is consistent with previous research (29) . Mortalin has been suggested to be a more efficient index than lymph node metastasis for evaluating the prognosis of gastric cancer patients (31) . Previous studies have indicated that mortalin may interact with apoptosis-associated proteins, including p53, cyclin-dependent kinase 11 p60 , Bcl-2, Bcl-xL and p66Shc, to inhibit apoptosis in various types of tumors (20, 21) . Mortalin binds to p53 to form a complex that insulates p53 in the cytoplasm and prevents its transcriptional activation (32) . Furthermore, a previous study demonstrated that the downregulation of mortalin expression markedly promoted apoptosis in ICC cell lines (29) . This was supported by fact that malignant histopathological features, including lymphatic metastasis, multiple tumors, poor differentiation and high TNM stage, were more frequently observed in high mortalin expression ICC tissues compared with those in low mortalin expression tissues. In view of these results, it is concluded that high expression of mortalin is associated with tumor progression and malignant ICC phenotypes, and may be a prognostic indicator for ICC patients.
In the present study, Bcl-2 expression was markedly increased in ICC tissues compared with adjacent peritumoral tissues. The expression of Bax was significantly decreased in ICC tissues. Furthermore, the expression of mortalin in ICC patients was positively correlated with the expression of Bcl-2 and negatively correlated with the expression of Bax. Multiple linear regression analysis also indicated a close association between mortalin and Bcl-2 expression in ICC patient tissues. High expression of Bcl-2 and low expression of Bax were demonstrated to be associated with malignant phenotypes, which may be due to the role of Bcl-2 and Bax in the intrinsic apoptotic pathway. It has been previously indicated that the interaction of Bcl-2 and Bcl-xL with mortalin interferes with mortalin-p53 interaction, inactivating p53 function and inducing cancer cell apoptosis (21) . Activation of p53 can trigger the activation of pro-apoptotic genes, including Bax (33), and allows mitochondrial proteins, such as Bcl-2, to regulate apoptosis (34) . The overexpression of mortalin directly abrogates the transcriptional activation of p53 (35) . Further investigation regarding the associations between mortalin and Bcl-2 or Bax in patients with ICC would be beneficial to improve therapeutic strategy and to identify prognostic markers. Importantly, ICC patients expressing a low level of Bax or a high level of Bcl-2 were associated with a relatively poor prognosis.
Cox regression analysis indicated that Bcl-2 was an independent predictor of ICC prognosis, while Bax was not suitable as a predictor. Evaluation of the combinatorial effects of the 3 markers revealed that the subgroup presenting with high mortalin and Bcl-2 expression and low Bax expression had the worst prognosis of all ICC patients examined. However, the present study was limited by only investigating ICC tissues from patients who were diagnosed and treated at a single hospital.
In conclusion, mortalin and Bcl-2 overexpression and/or the low expression of Bax are implicated in the anti-apoptotic effect and tumor progression of ICC. Mortalin or Bcl-2 expression, or a combination of mortalin, Bcl-2 and Bax expression may be used to predict the prognosis of ICC, as well as being potential therapeutic targets.
